A new multidimensional time/multi-frequency higher order spectral transform is proposed for transient signals with nonlinear polynomial variation of instantaneous frequency: the short time higher order chirp spectra 
The classical multi-frequency higher order spectra (HOS) based on the Fourier transform has been widely investigated [1] [2] [3] [4] [5] [6] for nonlinearity detection in stationary temporal processes. However, for some important applications (e.g. radar and sonar systems, mechanical systems with transient shaft rotation, etc.) it is necessary to process transient temporal processes with any (i.e. linear and nonlinear) polynomial variation of the instantaneous frequency. The classical HOS is not suitable for these processes because 
The short time HOCS
The following steps should be undertaken for estimation of the short time HOCS: This variation can be written as follows [7] :
The time centre of the external window defines the time localization of the external window.
The internal and external windows could be of different types. One can use different external and internal windows: e.g. rectangular, Hamming, Chebyshev, etc. The correlation between external window length and internal window length could be employed from reference [3] . If the signal has fast variations, then a shorter external window ) (t h e is required. If, according with reference [3], we maintain the internal window length to be the ) 1 (  n th root of the external window length, then the shorter internal window length is required, which in turn provides poorer frequency resolution. Thus, we have better time resolution and poorer frequency resolution. If it is desired to represent only the long term signal evolution, then it may suffice to use a longer external window. According with reference [3], the longer internal window can be used in this case which in turn provides better frequency resolution. Thus, we have poorer time resolution and better frequency resolution due to the longer internal window So, it follows from the considered basic cases that selection of the external and the internal window lengths for the short time HOCS is always a trade-off between time and frequency resolutions.
The amount of overlapping provided by the external and internal windows could be also different. Normally, 50% overlapping is used in the classical HOS for internal windowing in order to increase number of averaged segments and avoid redundancy. It is recommended that the same amount of overlapping be used for shorttime HOCS. However, if signal has fast variations, then a shorter external window ) (t h is required; if in this case one wants to maintain the same length of the internal window (i.e. the same frequency resolution) and number M of averaging, then a higher level of overlapping (e.g. 75-80%) is required. A higher level of overlapping for the internal windowing leads to accuracy increment of HOCS estimation; however, the level of overlapping around 90-95% is redundant. 
Let's assume that frequency variations ) (t F ji are known a priori or from independent measurement (e.g. from frequency sensors of radar and sonar systems, tachometer signal of the machinery shaft, etc) for the whole duration of the signal.
If a frequency variation is known a priori, one can use it directly. If a frequency variation is known from independent measurement, one can approximate it firstly by polynomial approximation and then use the obtained approximation for transform adaptation.
In the assumed case, we propose the adaptive signal processing of transient processes by the following two- 
where Vim f is the instantaneous frequency of the signal component ) (t s V for the mth segment; So, the instantaneous input signal frequency goes through the resonance frequencies of both the linear and the nonlinear systems.
The output signal of the system (8) at resonance consists of the fundamental harmonic of the resonance oscillations (at the stiffness ratio 0, linear system) and of the fundamental and higher harmonics of the resonance oscillations (at the stiffness ratio 0.1, nonlinear system) [10] .
Gaussian white noise was added to the output signal to hinder the detection of the system nonlinearity so as to more closely mimic data from the early stage of nonlinearity development; the signal/noise ratio is 40dB.
Parameters used for estimation of the proposed short time HOCS and classical HOS of the normalized output acceleration ) (t x  are as follows: segment size is 0. 4s (i.e. the frequency resolution is 2.5 Hz); signal duration is 8 s, overlapping of the internal windows is 50%, the internal window is the Hamming window, the external window is rectangular. The HOCS and HOS were estimated for an external rectangular time-domain window in the vicinity of system resonance.
The higher order transform of order 3 at the fundamental and the second resonance harmonics (i. e. normally used for nonlinearity detection for the system (8). In practice, the normalized higher order technique,
i. e. skewness [4] , is often employed for nonlinearity detection.
The normalized HOCS, skewness based on the higher order chirp-Fourier transform, could be written as follows:
